Although many optical-quality glass materials are available for use in optical systems, the range of polymeric materials is limited. Polymeric materials have some advantages over glass when it comes to large-scale manufacturing and production. In smaller scale systems, they offer a reduction in weight when compared to glass counterparts. This is especially important when designing optical systems meant to be carried by hand. We aimed to expand the availability of polymeric materials by exploring both crown-like and flint-like polymers. In addition, rapid and facile production was also a goal. By using UV-cured thiolene-based polymers, we were able to produce optical materials within seconds. This enabled the rapid screening of a variety of polymers from which we down-selected to produce optical flats and lenses. We will discuss problems with production and mitigation strategies in using UV-cured polymers for optical components. Using UV-cured polymers present a different set of problems than traditional injection-molded polymers, and these issues are discussed in detail. Using these produced optics, we integrated them into a modified direct view optical system, with the end goal being the development of drop-in replacements for glass components. This optical production strategy shows promise for use in lab-scale systems, where low-cost methods and flexibility are of paramount importance.
INTRODUCTION
The use of polymeric materials for optical components has recently become a budding field due to advantages offered over traditional optical materials. A reduction in weight 1-2 is often cited as one of the biggest reasons, and this is of utmost importance when referring to handheld or person-mounted optical systems where they may be used or carried for hours on end. In addition, polymer processing offers advantages in production, which leads to lower costs. [1] [2] [3] [4] Commercially available polymer optics are far and few between. Many of them are based on, fall into the classes of or are derivatives of polycarbonate, poly(methyl methacrylate) (PMMA), polystyrene, polysulfone, or cyclic olefin polymers. 1 In order to expand on the availability of polymers that can be used for these materials, we decided to move away from traditional polymerization methods wherein the backbone contains the reactive group, and is the predominant component of the material. We utilized a fairly new reaction that requires only a double bond and a thiol which form a new bond with energy input in the form of UV light.
In this work we utilized thiol-ene-based "Click Chemistry" using UV light to cure pre-polymer resins within seconds. Click chemistry is desirable because it occurs in one pot, gives minimal byproducts, and it occurs quickly and irreversibly providing a high yield of products. 5 In the thiol-ene UV curable click chemistry reactions, the photoinitiator generates a radical upon irradiation. The radical abstracts the hydrogen from the thiol and transfers the radical to the thiol. The thiol propagates down the ene (double bond) producing a thiol-ene polymer. The same mechanism can also be applied to thiol-acrylate click reactions. 6 This reaction can be seen in Scheme 1 below. The utility of the chemistry allowed us to screen a variety of pre-polymers in aims of producing both flint-like and crown-like materials of high 
RESULTS AND DISCUSSION
Screening resins to establish a library of potential optics yielded a number of possibilities from which an optical design could be optimized. The RIs of these materials ranged from 1.50 to 1.56, with most of the materials being flint-like. After down-selecting the two materials to be used in the ACOG design, experiments shifted to the production of opticalquality flats as well as optical-quality lenses, with the goal threshold of a peak to valley error of 2 waves. Both the use of the gasket-based system as well as a more complex mold (see Figure 3) were used.
Results allowed us to establish a variety of unforeseen factors that affect the quality of the optic produced. Using collimated light, many of the optics exhibited a directional hazing characteristic through the material. It was hypothesized that microbubbles or impurities in the resin caused defects in the curing below those imperfections. In order to circumvent this issue, diffusers were added in-line with the light source, either at the point of the source or just before the first optical window. This strategy proved to be successful in removing the hazing.
Another factor affecting the resulting optic was internal stresses being imparted during the curing of the resin. These stresses were visible when viewing the optics between crossed polarizers. In order to reduce the internal stresses, it was hypothesized that slowing the curing reaction would allow the materials to relax before being locked into place. In order to slow the curing process, either the concentration of crosslinking agents could be reduced, or the light intensity could be reduced. Since we did not want to affect the mechanical properties of the optical materials, varying the light intensity was the only viable option. In addition, we noticed that the materials were raising rapidly in temperature during the curing process, and we wanted to investigate this further. This was done using both a thermocouple placed under a resin as it cured, and using a thermal camera to capture the temperature rise in real time. This setup is shown in Figure 4 . 
